Cytotoxic effects of the cardenolide convallatoxin and its Na,K-ATPase regulation.
Cardenolides are cardiac glycosides, mostly obtained from natural sources. They are well known for their inhibitory action on the Na,K-ATPase, an effect that regulates cardiovascular alterations such as congestive heart failure and atrial arrhythmias. In recent years, they have also sparked new interest in their anticancer potential. In the present study, the cytotoxic effects of the natural cardenolide convallatoxin (CON) were evaluated on non-small cell lung cancer (A549 cells). It was found that CON induced cytostatic and cytotoxic effects in A549 cells, showing essentially apoptotic cell death, as detected by annexin V-propidium iodide double-staining, as well as changes in cell form. In addition, it prompted cell cycle arrest in G2/M and reduced cyclin B1 expression. This compound also increased the number of cells in subG1 in a concentration- and time-dependent manner. At a long term, the reduction of cumulative population doubling was shown along with an increase of β-galactosidase positive cells and larger nucleus, indicative of senescence. Subsequently, CON inhibited the Na,K-ATPase in A549 cells at nM concentrations. Interestingly, at the same concentrations, CON was unable to directly inhibit the Na,K-ATPase, either in pig kidney or in red blood cells. Additionally, results of docking calculations showed that CON binds with high efficiency to the Na,K-ATPase. Taken together, our data highlight the potent anticancer effects of CON in A549 cells, and their possible link with non-classical inhibition of Na,K-ATPase.